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Review 



Risk of pulmonary embolism (PE) is rel- 
atively high in patients with advanced 
chronic diseases, particularly with malig- 
nancies. Most patients with cancer have 
blood coagulation test abnormalities in- 
dicative of up-regulation of the coagula- 
tion cascade, increased platelet activation 
and aggregation. Pulmonary throm- 
boembolism is common in patients with 
any cancer and incidence is increased by 
surgery chemotherapy radiotherapy and 
disease progression. Manifestations range 
from small asymptomatic to life-threat- 
ening central PE with subsequent hypo- 
tension and cardiogenic shock. Diagnos- 
tic algorithms utilizing various noninvasive 
tests have been developed to determine 
the pretest probability of PE results of 
D-dimer assay chest radiography ECG and 
computed tomography The mortality in 
untreated PE is high (30%) but appropria- 
te treatment may decrease it to 2-18%. 
The current recommended treatment for 
massive pulmonary embolus is either 
thrombolytic therapy or surgical embolec- 
tomy 
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Introduction 

Venous thromboembolism includes two closely related disease entities: 
vein thrombosis and pulmonary embolism (PE). In one third of patients venous 
thrombosis is accompanied by symptomatic PE, while in the remaining patients 
only the former occurs. The risk of thromboembolic disease is observed in case 
of mutations in genes encoding proteins of the coagulation system, congenital 
vascular malformations and acquired hypercoagulable states. The most impor- 
tant acquired factors include surgical treatment, oral contraceptives, hormone 
replacement therapy and cancer [1-3], 

Individuals with active cancer who have undergone surgery, particularly 
in the abdominal cavity or the small pelvis, are subject to 3-5 fold higher risk 
of thromboembolism, which is affected by the cancer itself, as well as age, 
obesity, duration of surgery, long recovery, radiotherapy and systemic thera- 
py. Chemotherapy and hormone therapy can cause both venous and arteri- 
al thrombosis. Factors influencing incidence include the type of cancer and 
its stage, type of chemotherapy, its duration, response to therapy (tumor lysis 
syndrome), nutritional status, patient mobility, and functional efficiency of liv- 
er and kidney [1, 3]. 

Whether thromboembolic disease is symptomatic or not, its occurrence in 
a patient with cancer is about 15% and the risk of death within 6 months increas- 
es from 15% to 80% in case of thromboembolism. It is estimated that it is the 
second cause of death among cancer patients [4]. 

The objective of this article is to indicate problems that may arise during 
the diagnostic and therapeutic procedure in patients with cancer and PE. 

Risk factors 

The coagulation activation state in cancer has a multifactorial background. 
Tumors may express prothrombotic molecules. Some cancer cells produce sub- 
stances such as cysteine proteases and/or serine, which directly contribute to 
clotting by activating factor X. It is also possible for the tumor to produce phys- 
iological tissue factor (TF), which is responsible for activation of the extrinsic 
pathway of blood coagulation. Cancer cells can also promote clotting indirectly, 
by secreting tumor necrosis factor and interleukin-like proteins that act on 
endothelial cells and mononuclear cells, stimulating secretion of prothrombotic 
molecules, which may in turn play a role in platelet activation (Tables 1, 2) [4]. 

Clinical picture 

Clinical presentation of PE is often nonspecific. Its typical symptoms are 
shortness of breath, chest pain, fainting, hemoptysis and cough. The symp- 
toms may often suggest a respiratory infection, cancer progression or com- 
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Table 1. Risk factors for VTE according to the British Thoracic Society 



High 


Low 


1. Surgical procedures in the abdominal cavity 


1. Congenital heart defect 


2. Surgery in the small pelvis 


2. Congestive heart failure 


3. Hip and knee replacement 


3. Hypertension 


4. Advanced pregnancy, puerperium 


4. Superficial vein thrombosis 


5. Caesarean section 


5. The presence of central venous catheter 


6. Fracture 


6. Oral contraception 


7. Cancer 


7. Hormone replacement therapy 


8. Immobilization 


8. Chronic obstructive pulmonary disease 


9. Episode of VTE in first interview first episode of VTE 


9. The presence of neurological deficits 


10. Blood clotting disorders 


11. Immobilization due to a long journey 


1 12. Obesity 


13. Chronic inflammatory bowel disease 


j 14. Nephrotic syndrome 


15. Chronic dialysis 


J 16. Myeloproliferative diseases 




17. Paroxysmal nocturnal hemoglobinuria 


Table 2. Risk factors for VTE according to the Polish Cardiological 


Society 


Primary 


Secondary 


1. Antithrombin deficiency 


1. Injuries, fractures 


2. Congenital dysfibrinogenemia, hyperhomocysteinemia 


2. Stroke 


3. The presence of anticardiolipin antibodies 


3. Advanced age 


4. An excess of plasminogen activator inhibitor 


4. The presence of central venous catheter 


5. Prothrombin 20210A mutation 


5. Chronic venous insufficiency 


6. Protein C deficiency 


6. Smoking 


7. Gene mutation of factor V Leiden 


7. Pregnancy puerperium 


8. Plasminogen deficiency 


8. Crohn's disease 


9. Protein S deficiency 


9. Nephrotic syndrome 


10. Factor XII deficiency 


10. Excessive blood viscosity 


11. Abnormal function of platelets 


12. Surgical procedures 


13. Immobilization 


1 14. Cancer, chemotherapy 


15. Obesity 


1 16. Heart failure 


17. Long lasting journey 


18. Oral contraception 


19. Lupus anticoagulant 


[ 20. Vascular grafts 


plication of chemotherapy and radiotherapy. In 5-10% of cas- 
es coronary pain occurs [5]. 

A physical examination of the patient most often reveals 


changes over lung fields. There may be features of right heart 
failure-jugular vein congestion. Only 1/3 of patients have clin- 
ical signs of coexisting venous thrombosis. The clinical pic- 



tachycardia, tachypnea, and nonspecific auscultatory ture and course of acute PE depend on the number and diam- 
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eter of the choked arteries, and cardiorespiratory fitness. 
Sometimes the first symptom of PE is a sudden cardiac arrest, 
rarely fuii-blown pulmonary edema. 

The diagnosis of PE may be hampered by the presence 
of lung metastases and lung injury secondary to oncologi- 
cal treatment: radiotherapy and/or chemotherapy Moreover, 
clinical symptoms and radiological features of PE are usu- 
ally not specific enough to distinguish it in the course of 
venous thromboembolism from embolism caused by tumor 
material. Gastric cancer is the most common cancer-relat- 
ed source of microemboli to the lung. Among the less fre- 
quent foci of primary PE there are tumors located in the 
bronchial tube, mammary gland, prostate and pancreas [6]. 

Diagnostics 

The diagnosis of PE on the basis of only the clinical pic- 
ture is difficult. Clinical suspicion of this complication re- 
quires the inclusion of anticoagulant therapy with simulta- 
neous diagnostics aimed at reaching the correct diagnosis. 
Examinations which may prove useful include ECG, chest 
imaging study (X-rays, spiral CT, angio-CT), serum D-dimer 
levels, and gasometry 

Coagulation abnormalities 

Most patients with cancer have blood coagulation test 
abnormalities indicative of up-regulation of the coagulation 
cascade, increased platelet activation and aggregation, 
and increased proteolysis. The complex mechanisms respon- 
sible for this activation may include release of cancer pro- 
coagulants, activation of host cells (such as monocytes or 
endothelial cells), overexpression of plasminogen activator 
inhibitor-1 (PAI-1), and altered expression or activity of pro- 
teins produced by the liver, including protein Cand anti-throm- 
bin (AT). 

Chemotherapeutic agents may also contribute to hyper- 
coagulability by enhancing the release of procoagulants and 
cytokines from tumor cells, producing toxic substances, such 
as oxygen free radicals, that can damage the endothelium, 
and reducing levels of natural anticoagulants, such as pro- 
teins C and S, and AT. 

Determination of D-dimer is of limited clinical utility 
because of Its low specificity (sensitivity 79-100%, specificity 
25-100%). It is used to exclude the presence of throm- 
boembolism (negative), as a positive result may only suggest 
the possibility of thrombosis. In addition, elevated levels of 
D-dimer are observed in cases associated with the forma- 
tion or dissolution of fibrin, that is the processes present In 
patients with cancer, infections, heart and kidney failure, sep- 
sis and leukocytosis as well as in the elderly, which dis- 
criminates against this marker as a useful tool in the diag- 
nosis of PE in patients with cancer [4, 6]. 

Chest radiography 

Chest X-ray examination does not confirm or exclude PE. 
In approximately 50% of patients abnormalities can be found, 
such as enlargement of the intermediate artery, cardiac 
enlargement (especially of the right ventricle), widened con- 
tour of the pulmonary trunk, and elevation of the diaphragm 



on the side of the embolism [3]. Sometimes Westermark sign 
can be observed. Patients with lung Infarction are found to 
produce hydrothorax, frequently sanguineous. Parenchymal 
density, especially in patients with severe dyspnea or 
febrile patients, may be misinterpreted as atypical inflam- 
matory changes. Radiological examination does not always 
allow the diagnosis of PE, but it enables us to exclude oth- 
er diseases with similar clinical symptoms [5, 6]. 

Tomography of the chest 

Spiral CT of the chest or angio-CT is now a fundamental 
and widely used method for the detection of PE. It consists 
In demonstrating the areas in the arteries which are not 
enhanced, despite the high saturation of pulmonary arter- 
ial blood, by contrast medium administered into a periph- 
eral vein. This method allows the detection of even small 
thrombi in small vessels below the segmental artiery The wide- 
spread use of CT favors less frequent use of angiography for 
diagnostic purposes, which remains the gold standard in diag- 
nosis of PE [5, 7, 8]. 

Other imaging modalities 

Catheter pulmonary angiography and nuclear medicine 
ventilation-perfusion (V/0) scanning are both declining in 
use. Angiography while historically considered the gold stan- 
dard, has shown poor interobserver reliability for subseg- 
mental clots and remains an Invasive procedure. Catheter 
pulmonary angiography has been regarded as the gold stan- 
dard for imaging PE due to its high negative predictive val- 
ue. Although complications with this technique are rare, it 
Is still an invasive procedure. Before widespread use of CT, 
ventilation-perfusion (VO) scintigraphy was the test of 
choice to screen for PE. The major limitation lies In the very 
low specificity achieved when a high sensitivity is desired. 
The V/0 scan remains clinically unsatisfactory as most scans 
are of intermediate or indeterminate probability (73% of all 
performed), the specificity of a low probability examination 
is 10%, and Interobserver correlation Is poor. 

Because duplex venous ultrasound is a relatively easy study 
to perform and interpret, some authors have advocated bilat- 
eral lower extremity studies early In the algorithm for the 
work-up of PE. The rationale for this test Is that deep venous 
thrombosis and PE are treated the same and that a positive 
result would obviate the need for further imaging [9]. 

Magnetic resonance angiography (MRA) has played 
a limited role in the evaluation of PE because of limited spa- 
tial resolution, motion artifact from respiration and cardiac 
activity, and long acquisition time. However, new ultrafast 
scanningtechniques allow MRA acquisitions in 4to 30 sec- 
onds with diagnostic accuracy approaching MDCT (multi- 
detector computed tomography) and may play an increas- 
ing role In evaluating patients with contrast allergy or renal 
Insufficiency [8]. 

Arterial blood gas test 

The arterial blood gas test is intended only to assess res- 
piratory function. The most common disorders are hypox- 
emia with hypocapnia and respiratory alkalosis. 
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Electrocardiogram 

Electrocardiographic changes are usually a dynamic 
process. The most common ECG changes are tachycardia, atri- 
al fibrillation and supraventricular tachycardia. Occasional- 
ly there are non-specific changes in ST-T segment and neg- 
ative T waves in leads V2-V4. Characteristic changes such 
as S103T3 pattern or incomplete right bundle branch block 
do not often occur in acute PE. Normal ECG is seen in approx- 
imately 17% of patients with massive PE [6]. 

Echocardiography 

Pulmonary embolism is associated with right ventricular 
overload. The changes observed in this study include right ven- 
tricular enlargement and RV hypokinesis, enlargement of the 
pulmonary trunk, paradoxical septal motion, ejection fraction, 
tricuspid insufficiency, widening of the inferior vena cava, and 
thrombus in the right ventricle and/or the atrium [6]. 

Treatment 

The primary method of treatment of venous throm- 
boembolism is administering anticoagulants and antifibri- 
nolytics. In the initial treatment of non-massive PE it is rec- 
ommended to use unfractionated heparin or low molecular 
weight heparin two times daily by subcutaneous injection. 
This treatment prevents the accumulation of thrombi, allow- 
ing vascular recanalization through the endogenous fibrinolytic 
system. Most commonly used is unfractionated heparin in 
a starting bolus dose of 80 lU/kg of body weight mc admin- 
istered intravenously, and then by infusion accordingto nor- 
mogram, on average 18 lU/kg/h. Activated partial thrombo- 
plastin time (APTT) should be 1.5-2.5 times longer than the 
norm. Despite the Inconvenience of administration of unfrac- 
tionated heparin it is the recommended form of treatment 
in acute PE. Apart from that intravenous antifibrinolytic treat- 
ment can be used accordingto the scheme: streptokinase 
1.5 million units/h, ort-PA (alteplase) 100 mg/h. A new drug 
used in this disease unit is fondaparinux (a synthetic pen- 
tasaccharide richly sulfurized) administered subcutaneous- 
ly every 24 hours. Its advantage is the 100% bioavailability and 
no need for coagulation monitoring. Patients with massive 
PE, hypotension or shock should be promptly and strictly treat- 
ed with fibrinolytics (1.5 million units of streptokinase over 
2 hours, t-PA (alteplase) 100 mg over 2 hours), or undergo 
embolectomy [9]. After completion of fibrinolytic treatment 
intravenous unfractionated heparin should be administered 
in a bolus dose of 80 units/kg followed by 18 units/kg/hour 
infusion, on average 30 000 units/day with aPTT monitoring. 
Also, low molecular weight heparin enoxaparin 1.5 mg/kg/day 
or 1 mg/kg/twice a day subcutaneously, nadroparin 0.1 ml/ 
10 kg/twice daily (9500 anti-Xa lU/ml) or 0.1 ml/10 kg/once 
daily (19 000 anti Xa lU/ml) or dalteparin 100 lU/kg/twice dai- 
ly or 200 lU/kg/day SC [10, 11] are also used. Moreover, oxy- 
gen therapy as well as slow fluid intake, no more than 
500 ml, should be ordered, and in patients with low cardiac 
output it is desirable to use the infusion of catecholamines 
(dopamine, dobutamine). International normalized ratio 
(INR) monitored oral anticoagulant treatment has to be con- 
tinued for at least 3-6 months in patients after an acute embol- 



ic incident, whereas if there is a contraindication to antico- 
agulants patients should continue on low molecular weight 
heparins (LMWHs) [5, 6, 12, 13]. 

Prognosis 

In patients with the diagnosis and standard treatment of 
PE the mortality rate is 2-8%, rising to about 30% in patients 
not treated, mainly due to the lack of correct diagnosis. Some 
patients with PE present in a serious condition, with very 
severe symptoms, shock or hypotension, and the mortality 
in these patients reaches 30-35%. In contrast, in patients 
without hypotension prognosis is determined on the basis 
of echocardiography, and the absence of right ventricular over- 
load is a positive prognostic factor The choice of treatment 
in the acute phase of the disease depends on the assess- 
ment of prognosis, defined on the basis of clinical status. In 
patients without symptoms of shock and without significant 
systemic hypotension biochemical indices of heart damage 
and cardiac overload should be measured as a basis for prog- 
nosis [11]. 

Factors that increase the risk of death in the acute phase 
include right ventricular failure (HR 2.4, 95% CI 1.5-3.7), hem- 
orrhagic complications followingthrombolytic therapy or anti- 
coagulation, subsequent embolic episode, and comorbidi- 
ties, especially cancer (HR 2.3, 95% CI 1.5-3.5) [14]. 

The risk of recurrent PE is highest within 4-6 weeks after 
the first thromboembolic episode, but effective treatment 
reduces it to 8% [14]. 

Discussion 

Oncological treatment such as radiotherapy, chemother- 
apy and hormone therapy increases the risk of thrombosis 
and embolism, among other things due to the release of pro- 
coagulants and cytokines from cancer cells as well as the tox- 
ic effect acting on the vascular endothelium, and the reduc- 
tion in the concentration of natural anticoagulants [15-17]. 

With the introduction of intensive chemotherapeutic reg- 
imens an increase in thrombotic microangiopathy is ob- 
served, affecting a growing number of patients after high- 
dose chemotherapy combined with autologous or allogeneic 
transplantation of hematopoietic cells [18, 19]. The estimated 
incidence of this syndrome is 2 to 8% of patients treated with 
systemic therapy It generally appears 2-9 months afterthe 
completion of chemotherapy when the cancer itself is in 
remission. In previous years this syndrome was associated 
with the use of mitomycin C, but now it occurs after 
a number of other chemotherapeutic agents. It is influenced 
not only by the nature of the cytotoxic drug, but also by the 
single and total dose. Radiotherapy alone increases the pre- 
disposition to the occurrence of thromboembolic disease, and 
chemotherapy combined with radiation of the whole body 
has an additive effect [15]. It is also known that the use of 
cyclosporin A is associated with a higher occurrence of throm- 
botic microangiopathy. The prognosis for this complication 
is poor and mortality is about 31%. What is more, in 
patients who survive there is often permanent or even pro- 
gressive renal failure. Based on studies of different authors, 
it is presumed that the mechanism of the pathogenesis of 
this process is chemotherapy-induced damage to the vas- 
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cular endothelium. Levine et ai conducted a prospective study 
in patients witli stage IV breast cancer. One group of 
patients undergoing cinemotiierapy received warfarin at 
a dose of 1 mg per day; tlie otiier group was placebo-treat- 
ed. The author demonstrated a relative risk reduction of 
venous thromboembolism (VTE) by 85% (p = 0.031) with no 
statistically significant effect on the incidence of bleeding [13, 
20]. Despite the results of this study oncologists do not use 
universal prophylaxis with oral anticoagulants in the course 
of chemotherapy, mainly because of the potential risk of 
bleeding, the logistics of laboratory monitoring and modi- 
fication of doses, which are necessary due to the changes 
in the number of platelets and interactions with other con- 
comitant medications. 

On the other hand, so far there has been no evidence of 
increased incidence of thrombophilia In patients with can- 
cer. It is well known that thromboembolic disease In patients 
with cancer occurs in advanced disease and Is associated with 
poor prognosis [13]. Studies indicate that the incidence of 
acquired resistance to activated protein C is higher in can- 
cer patients than in patients without cancer. The phenom- 
enon of resistance to activated protein C, which is the most 
common cause of acquired thrombophilia, was first described 
by Dahlback [1]. In the author's opinion it is associated with 
factor V Leiden mutation. Bloom et al. conducted a retro- 
spective study among 1267 patients with a first event of 
thromboembolism or venous thrombosis and found that fac- 
tor V Leiden mutation in patients with cancer increased the 
risk of thromboembolic complications by 2.7 times [2]. 
Another cause of thromboembolic events may be a corre- 
lation between cancer and antiphospholipid antibodies 
(APA). In patients with solid tumors and with increased lev- 
els of antibodies against cardiolipin the Incidence of throm- 
boembolic events was 28% compared to 14% In patients who 
show no evidence of increased concentration of antlcardi- 
olipln antibodies, p < 0.05 [21]. Another factor predisposing 
to arterial thrombosis is hyperhomocysteinemla, which 
may result from congenital defects in the enzymes but also 
acquired diseases such as breast cancer, ovarian cancer, pan- 
creatic cancer and acute lymphoblastic leukemia. The liter- 
ature mentions a number of other conditions that may sig- 
nificantly influence the processes of coagulation in patients 
with cancer, but the exact mechanism is not completely 
understood and research on the pathomechanism of this phe- 
nomenon is still carried out. 

Venous thromboembolism is common in patients with any 
cancer and the incidence Is increased by surgery chemother- 
apy radiotherapy and disease progression. In many studies 
the authors found that pre-treatment abnormalities of co- 
agulation in patients with cancers were significantly corre- 
lated with survival. Low molecular weight heparin has been 
used for over 20 years In the prophylaxis of VTE and has been 
shown to be the drug of choice in the treatment of VTE in 
cancer patients. However, there are limited data on the use 
ofLMWH In primary thromboprophylaxis In cancer patients 
and this Is reflected In the difference in practice amongst 
oncologists. A recent survey showed that many oncologists 
do not recognize the thrombogenic effects of treatment for 
cancer and that thromboprophylaxis is rarely used [14]. 



Summary 

In the daily practice of medical oncology treatment of 
patients with a diagnosis of thromboembolism is not rare. 
Due to the focus on anticancer therapy the possibility of health 
deterioration or even imminent danger to life caused by 
thromboembolic disease may be underestimated. The dete- 
rioration of the patient in these cases is interpreted as a fail- 
ure of therapy, complication after oncological treatment or 
progression of cancer Ignorance of the symptoms of life- 
threatening condition makes it impossible to establish the 
correct diagnosis, resulting in the lack of timely implemen- 
tation of appropriate treatment. The priority of treatment for 
cancer might result in overlooking the symptoms that are 
the real cause of the poor effect of the anticancer therapy 
Managing the patient with cancer is difficult and therefore 
oncologists must plan the treatment with utmost care and 
attention, bearing In mind the possible occurrence of 
venous thromboembolism during diagnostic tests and 
implemented oncological treatment. 
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